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Abstract 
A Single-mode flat fiber investigated by mode matching filtering technique is presented. This class of rectangular optical fiber 
employed a mode filtering technique to filter high order modes. Fresnel leakage loss induced the propagation modal loss favors 
fundamental mode, whereas significantly filtered higher-order mode due to modal loss. This resulting mode operation can be 
expanded via high-aspect-ratio. We numerically analyze the via full-vectorical numerical analysis. We also cover the dispersion 
analysis to be estimated around wavelength of 1268nm. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Enormous interest in developing optical chips, lab-on-chip for various applications spark an interest in searching 
for a flexible planar waveguides[1, 2]. Flat fiber offer a solution a means to incorporate the advantage of a fiber and 
functional of a chips into one singular component. With the amiability to withstand chemical and high temperatures, 
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However, the structure of a flat fiber offers a large mode area suggests that it is multimode in nature. A large study is 
still required to fully utilized the potential in flat fiber.  
 
We present a numerical analysis investigation single-mode operation in flat fiber using full-vectorial numerical 
analysis  via finite-element analysis (FEM) of readily available commercial software.  
1.1. Flat Fiber 
 
Fig. 1. (a) SEM of a fabricated flat fiber; (b) Flat fiber under observation charged-coupled device; (c) Simulated single-mode operation in FEM at 
1064nm wavelength. 
By analyzing the slow-axis mode, using planar waveguide theory[3]. We know that the effective refractive index 
will exist between refractive index of core and cladding, ncore > neff > ncladding. This is true in the fast-axis, and it 
gives us insight that the neff will be higher than the “eyes” of the flat fiber. If the “eyes” were filled with refractive 
index of same or higher, TIR will not guide in the slow-axis direction and all modes of the flat fiber experience loss, 
such are termed leaky modes[4]. Next we shall simulate the effects of eye cladding on the mode of the core at 
1060nm wavelength. 
2. Numerical Analysis 
We employ a numerical analysis based on Semi-Guiding principle by Rockwell et al. [5]. The equation is adapted by 
using perfectly-matched-layer (PML) to study the effects of eye cladding on the mode propagation in the core of flat 
fiber. The analytical solution is base as: 
 ߙ௞ ൌ െሺͳ ൅ ݇ሻଶ ቆ
ߣଶ
ሺ݊௖௢ െ ߜ݊௖௟ሻݓଷቇ ሺ
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ሺ݊௖௢ െ ߜ݊௖௟ሻଶ െ ݊௘௬௘ଶ ሻ 
(1) 
Where the ݊௖௢௥௘is the refractive index of the core and ߜ݊௖௟ is the effective refractive index along the slow axis. 
݊௘௬௘refers to the refractive index of the eye cladding. ݇ is the desired mode propagation starting with 0 as the 
fundamental mode. We model our flat fiber as 4ߤ݉ core height with ͶͲͲߤ݉ wide length and sweep the refractive 
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index of the eye cladding step from െͶ ൈ ͳͲିସ to Ͷ ൈ ͳͲିସ. The core refractive index difference is 0.22% compare 
to the silica cladding. 
 
Fig. 2. Modal loss of three modes as function of the slow-axis eye step index at wavelength of 1060nm 
As shown in figure 2, the modal loss of second order mode is four times higher compared to fundamental mode and 
modal loss of third order mode is nine times higher compared to the fundamental mode. The dip is noted when the 
eye cladding refractive index is around െͲǤͷ ൈ ͳͲିସ. 
2.1. Dispersion analysis 
The dimension of simulated flat fiber is ͸ͷͲߤ݉ ൈ ʹͺͲߤ݉ with core height of ͳͷǤͲߤ݉, ͳͺǤͲߤ݉ and ʹͳǤͲߤ݉ 
respectively. In the FEM simulation, we assumed ͳͷͷͲ݊݉ source, core and cladding refractive index of 1.444 and 
1.44718. The plotted ݊௘௙௙௘௖௧௜௩௘  is fundamental mode. The results are shown in the figure 3. 
Smellier equation is used to evaluate the frequency of propagation as experience by light when propagating along 
the fiber. The initial simulation is to solve the fundamental mode for various core height of the flat fiber. The 
wavelength is sweep from 350 nm to 2000 nm. The results are then plot and through the derivation of dispersion, 
each of the wavelength sweep graph is fitted via Taylor’s expansion.  
Dispersion is known as: 
 ܦ ൌ െʹߨܥߣଶ ߚଶ (2) 
There are several methods to obtain ߚଶ. One of the two known method are by first plot a propagation constant, ߚ 
against omega ߱ െ߱௢ and then by employing linear polynomial fitting to it. The dispersion is the coefficient of the ʹ௡ௗ order of the polynomial fit. 
 ܦ ൌെ ߣܥ
ߜଶ݊௘௙௙
ߜߣଶ  (3) 
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Fig. 3. Zero dispersion plot graph of flat fiber in study compare to SMF-28 
We found that the dispersion of various core height flat fiber does not change the dispersion significantly. Moreover, 
it is shifted slightly to the left when compared to the dispersion plot of SMF-28.  
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